background: To identify an effective misoprostol-only regimen for the termination of second trimester pregnancy, we compared sublingual and vaginal administration of multiple doses of misoprostol in a randomized, placebo-controlled equivalence trial.
Introduction
A combination of mifepristone followed by a prostaglandin analogue is the preferred non-surgical method for inducing abortion in the second trimester (WHO, 2003; RCOG, 2004) . When mifepristone is not available, as is the situation in many countries, abortion can also be induced safely with prostaglandin analogues, such as misoprostol, alone (WHO, 1997) . A large variety of different regimens have been described in the literature, and no commonly approved guidelines on misoprostol use were available. Thus, there was a need for a large multicentre trial to identify an effective misoprostol-alone regimen for the termination of pregnancy in the second trimester.
When choosing the dose of misoprostol, it seemed that doses higher than 400 mg did not significantly improve the efficacy but caused more side effects (Dickinson and Evans, 2002) , and lower doses such as 200 mg were clearly less effective. When misoprostol is used alone without mifepristone pretreatment, several doses are usually needed to induce abortion. A previous study had demonstrated that 3 h intervals were significantly more effective (P , 0.02) than 6 h intervals between vaginal doses of misoprostol, and the median time to abortion was also significantly shorter in the 3 h group (Wong et al., 2000) .
On the basis of the existing evidence, we chose 400 mg as the dose of misoprostol, and administered it every 3 h up to five doses either sublingually or vaginally. If abortion had not occurred in 24 h after the start of the treatment, a second course of 400 mg misoprostol was administered sublingually every 3 h up to five doses. The aim of this randomized, placebo-controlled trial was to study: (i) the effectiveness to induce complete or partial abortion; (ii) the induction-to-abortion interval; (iii) the frequency of side effects and (iv) women's perceptions of the treatment, for the termination of pregnancy when the gestational length is between 13 and 20 weeks (91 -140 days).
Materials and Methods

Study population
This trial was carried out in 11 departments of obstetrics and gynaecology of teaching hospitals in Yerevan, Armenia; Tbilisi, Georgia; Szeged, Hungary; Mumbai, New Delhi and Trivandrum, India; Ljubljana, Slovenia; Johannesburg, South Africa; and Hanoi (two hospitals) and Ho Chi Minh City, Vietnam. Institutional review boards at all participating hospitals and the WHO Secretariat Committee on Research on Human Subjects gave ethics approval. This trial is registered as an International Standard Randomized Controlled Trial, number ISRCTN72965671 and this report follows CONSORT guidelines for reporting equivalence trials (Piaggio et al., 2006) .
Women requesting pregnancy termination at 13 -20 weeks' gestation were provided information about the study, screened for eligibility by clinical personnel if willing to participate and included if they were healthy, older than the age of legal consent, had a single intrauterine pregnancy of 13 -20 weeks (91-140 days) duration as verified by ultrasound and had haemoglobin 100 g/l or higher. We excluded women who had: any indication of serious past or present illness; an allergy to misoprostol; a habit of heavy smoking (.20 cigarettes/day); a scar in the uterus or cervix or any gynaecological anomaly detected with ultrasound; mitral stenosis, glaucoma or sickle cell anaemia; diastolic blood pressure .90 mmHg; uncontrolled bronchial asthma; systolic blood pressure ,90 mmHg; history or evidence of thromboembolism or liver disease; presence of an intrauterine device; or haemolytic disorders.
All participants provided written informed consent before enrolment. Medical, gynaecological and obstetric histories were recorded and bacteriological tests and Rhesus-typing was done according to the routine of the centre.
Study design
A computer-generated randomization sequence was produced by WHO staff in Geneva to assign participants within each centre to sublingual or vaginal treatment group by randomly permuted blocks with a fixed block size of six. The number of women per centre varied according to the demand for second trimester abortion: Ljubljana planned to recruit 22 women, Johannesburg planned to recruit 140 and other centres recruited between these numbers. Allocation was concealed by using sealed, opaque, sequentially numbered envelopes, which were filled and labelled in accordance with the list of randomization for each centre by Magistra, Geneva, Switzerland.
For each woman, there were two blisters of tablets, 10 tablets of 200 mg of misoprostol (Cytotec, Pfizer) and 10 placebo tablets (manufactured by Labatec, Geneva, Switzerland; similar shape and colour as misoprostol tablets). The blisters were labelled indicating which tablets were to be taken sublingually and which tablets vaginally. Additional misoprostol tablets were provided to the centres to be used sublingually for those women who did not abort within 24 h.
Previous experience indicated that 80% of women receiving 400 mg of misoprostol vaginally every 3 h for termination of pregnancy in the second trimester will abort within 24 h . To establish the equivalent efficacy of the two regimens, we require the 95% confidence interval for the difference in abortion rates to be within the margin of equivalence of 10% with a probability of 80%. It was estimated that if the abortion rates in the two regimens are both equal to 80%, 340 women will be required for each group, i.e. a total of 680 women for the whole study.
The primary outcome measure was successful abortion (including complete and incomplete abortion) within 24 h. In addition, successful abortion within 48 h was also considered as an outcome, along with the induction-to-abortion interval from the start of treatment to expulsion of fetus. The rates of side effects and women's perceptions of the method were compared between treatment groups as were possible complications up to the follow-up visit 2 weeks after abortion.
Procedures
Each treatment dose consisted of two sublingual and two vaginal tablets (two tablets of 200 mg misoprostol and two placebo tablets), which was repeated at 3 h intervals up to five doses until abortion took place. The treatment was withheld if the patient had strong uterine contractions. Side effects, uterine contractions, blood pressure and pulse were recorded 1 and 3 h after every dose, along with any medication given. A vaginal examination was performed before each dose. Also, the time of expulsion was recorded. After expulsion of the fetus, one additional dose of the tablets was administered.
The patient was reassessed if abortion had not occurred after 24 h. If there were no signs and symptoms suggestive of imminent abortion, a second course of treatment, two tablets sublingually (2 Â 200 mg) at 3 h intervals for a maximum of five doses, was given. If abortion still failed to occur, the pregnancy was terminated as judged best by the investigator. The outcome of treatment was assessed at 24 and 48 h from the start of treatment.
After abortion, the products of gestation were examined to see whether the abortion was complete. If necessary, or if it was a local routine practice, exploration and evacuation of the uterus was performed. The patient was discharged 24 h after abortion if there were no complications. Post-abortion contraceptive counselling was also given. The assessment of the outcome was done before the woman left the hospital. At this point, also the women's perceptions about the treatment were assessed using a questionnaire. Women had a follow-up visit 2 (range 1 -3 weeks) weeks after abortion.
Statistical analysis
Data were analysed with the SAS software (version 9.1.3) centrally at WHO. An independent Data Monitoring Committee (DMC) reviewed the data from interim analysis performed after 429 women were included in the study. Descriptive statistics were calculated for all baseline characteristics for all subjects recruited, by treatment group, to assess comparability of the groups.
We considered abortion, whether complete or incomplete, as successful treatment outcome while treatment failures included missed abortion, continuing pregnancy and undetermined outcomes.
We included in the analysis all randomized women according to the intention-to-treat (ITT) principle. When protocol violations consist of switched treatment allocation, a per-protocol analysis excluding subjects who switched treatments is the most desirable in equivalence trials as a protection from the ITT's increase in the probability of type I error. In this trial, there was no switch of treatment allocation. In this situation, the benefit of conducting a non-ITT analysis is not obvious and we preferred ITT analysis in order to preserve the advantages of randomization.
However, for side effects, one woman in the sublingual group had missed observations and thus, she was excluded from the side effects analysis. We conducted two sensitivity analyses: one excluding one centre that was accounting for a treatment by centre interaction; another one excluding two centres that started the second course of treatment after 15 h instead of 24 h (per protocol analysis excluding protocol violations). The equivalence of the treatment outcome was assessed by computing the difference in the proportions of abortion failures between treatment groups along with 95% confidence intervals. Additionally, relative risks were computed to compare treatment failures between the groups. Interactions between treatment and centre and treatment and parity status were assessed with a logistic regression model. In cases where the standard logistic regression model failed to produce estimates due to convergence problems, an exact logistic regression method was used to approximate the significance of the interaction terms. Time to fetal expulsion was computed and then analysed using standard survival analysis techniques. For this analysis, subjects with treatment failure were considered censored with censoring time equal to the time from onset of treatment to surgical termination of the pregnancy. Median times to expulsion were derived from Kaplan-Meier estimates of the survival function, and treatment groups were compared using the log-rank test. Interactions between treatment and centre and treatment and parity status were assessed using the Cox regression model. Comparisons of side effects and women's perceptions on the regimens were carried out using Fisher exact tests.
We also conducted a stratified analysis by parity because there was a highly significant interaction of treatment by parity, for which the reporting might have clinical relevance.
Role of the funding source
The donors and sponsors of the study had no role in the study design, data collection, data analysis, data interpretation, writing of the report or the decision to submit the paper for publication. The corresponding author had full access to all final data in the study and had the final responsibility for the decision to submit for publication.
Results
Between July 2002 and March 2004, a total of 681 women were enrolled in the study. Of the 921 women screened, 123 were not eligible. Main reasons for non-eligibility were gestational age outside the 13-20 weeks range (38.2%), not willing to return to the follow-up visits (29.3%), haemoglobin level below 100 g/l (16.3%) and not in good health (15.5%). Additionally, 117 women were eligible but chose not to participate. A flowchart for participants is shown in Fig. 1 .
The baseline characteristics were similar in both treatment groups (Table I) . Average length of gestation (assessed by ultrasound) was 16.5 weeks. Approximately 45% of the women did not have previous deliveries (nulliparous) and 16% had had a previous induced abortion.
All women included in the study received at least one dose of misoprostol. A total of 117 (17.2%) women required a second course of treatment, 69 (20.2%) in the sublingual group and 48 (14.1%) in the vaginal group (P ¼ 0.042). In all, 52 women did not return for the follow-up visit; however, the outcome of treatment was known for them. For two women, the outcome of treatment was undetermined: one of them discontinued from the study but aborted with two additional misoprostol doses; and the other one was treated by a doctor who was not aware of the study and evacuated the uterus surgically without a clear indication. These women were included among failures.
Overall, treatment success was 82.8% at 24 h and 94.3% at 48 h. Table II shows success rates by treatment group. At 24 h, the vaginal administration group had a higher success rate than the sublingual administration group (85.9% versus 79.8%, difference: 6.1%, 95% CI: 0.5 to 11.8). Equivalence of the two arms cannot be concluded since the confidence interval crosses the 10% pre-established margin (Fig. 2) . Both treatments can be claimed to be equivalent at 48 h within the 10% margin established [96.2% (vaginal) versus 92.4% (sublingual), difference: 3.8%, 95% CI: 0.3 to 7.3]. Treatment by centre interaction was statistically significant (P ¼ 0.027), mainly due to different results in one centre (New Delhi). A sensitivity analysis excluding that centre produced similar results (difference: 8.8%, 95% CI: 2.7 to 14.9).
Three centres (Johannesburg, Szeged and Yerevan) performed routine curettage after fetal expulsion. Excluding these centres, complete abortion rates were 70.9% (163/302) in the vaginal and 71.9% (166/302) in the sublingual groups. Despite two courses of misoprostol treatment, 2.1% (7/340) of the pregnancies continued in the vaginal group and 5.6% (19/341) in the sublingual group.
When success rates at 24 h were analysed according to parity, vaginal administration was clearly superior to sublingual administration in nulliparous women (87.3% versus 68.5%) but the difference between treatments was smaller and reversed in parous women [84.7% (vaginal) versus 88.5% (sublingual)] (P ¼ 0.006 for the interaction). A similar conclusion can be drawn for the outcome at 48 h (Table II) .
Median time to fetal expulsion was 12 h, with no difference between the treatments (P ¼ 0.227). Nulliparous women tended to have longer intervals to fetal expulsion than parous women. The vaginal route of administration appeared to be faster than the sublingual route in nulliparous women but not in parous women (P ¼ 0.001 for the interaction).
Two centres (Johannesburg and Hanoi OGH) started the second course of misoprostol 15 h after the onset of treatment (opposed to 24 h as requested by protocol). When we removed those two centres from the analysis, the results did not change.
Expected side effects are presented in Table III . The most common side effects were chills/shivering (38%), fever (35%) and diarrhoea (24%). No statistically significant differences between treatment groups were observed for any side effect except for fever which was more common in the vaginal group, and which just failed to be significant at 5% when adjusting for multiple inferences.
Approximately 32% of the women received some medication (mostly analgesics) during the treatment period [36% (vaginal) versus 29% (sublingual), P ¼ 0.09]. There were 10 women who received a blood transfusion and three women required hospitalization after discharge, two of them for surgical evacuation of the uterus and one for reasons unrelated to the study. During the study, 12 adverse events (none serious) were reported and they were equally distributed between the two groups. Excessive bleeding was the characteristic of all of them except one where uterine hyper-contractility was reported.
There was no difference between treatment groups in the duration of post-abortion bleeding ( 7 days) or in the haemoglobin levels at the follow-up visit. The duration of bleeding was .14 days in 5.8% (18/309) of the women in the sublingual group and 7.0% (22/315) in the vaginal group (P ¼ 0.625).
Most women in both groups preferred sublingual administration of tablets (Table IV) , mainly because they felt that sublingual route was more convenient (321/439; 73.1%) or due to the discomfort of vaginal examination (159/439; 36.2%). However, about one-quarter of the women in both groups preferred vaginal administration mainly as they regarded this route to be more convenient (64/167; 38.3%). Although more than 40% of the women said that abortion was less painful than they had expected, pain was also ranked as the worst side effect of the treatment by 41% (262/630) of the women in both groups, whereas 26% (163/630) regarded the long duration of the abortion process as the worst feature of the method. Values are expressed as mean [SD] or n (%).
Discussion
Our findings show that when repeated doses of 400 mg misoprostol are used to induce abortion in the second trimester, vaginal and sublingual administration are not equivalent within a 10% margin: vaginal administration appears to result in a lower failure rate at 24 h. This outcome was mainly driven by the better efficacy of vaginal administration among nulliparous women. The finding is very similar to that from a smaller study among Chinese women . The primary outcome was successful abortion, complete or incomplete at 24 h. In many countries, exploration and evacuation of the uterus is performed routinely after fetal expulsion in second trimester abortion, and this was a routine practice also in three centres in this study. Thus, we did not aim to make a distinction between complete and incomplete abortion. Post-abortion aspiration/curettage was performed in 309 cases (45.4%); 103 of them were due to recognized or suspected incomplete abortion at the eight centres that did not use routine curettage, which is 22% (103/461) of the cases at those centres. The use of curettage to ensure that the uterus is empty reflects local practices and inexperience with the method rather than the actual need for post-abortion surgical evacuation.
Median time to fetal expulsion was 12 h after both vaginal and sublingual administration of misoprostol. This is similar to other studies with 3 h administration , whereas it takes longer to abort when the administration interval is longer (Wong et al., 2000) . When mifepristone pretreatment precedes misoprostol, the median abortion-induction interval, calculated from the start of misoprostol administration, is 6 h which allows most abortions to be managed as day cases (Ashok et al., 2004) . In this study, 50% of the women aborted before the fifth dose, i.e. within 12 h. In all, 117 (17.2%) women were administered the second course of treatment, i.e. 400 mg misoprostol sublingually at 3 h intervals up to five doses. For practical reasons, we had decided to administer the second course of tablets sublingually. Both vaginal and sublingual administration of misoprostol lead to softening and dilation of uterine cervix (Fiala et al., 2007) . However, regular uterine contractions are sustained for a longer period of time (.4 h) after vaginal administration than after the sublingual route (2-3 h) (Aronsson et al., 2004) , which may lead to stronger contractility during the treatment period in the vaginal administration group. Further, a direct transport of prostaglandins seems to occur from vagina to the uterus (Krzymowski et al. 1989) , which can also contribute to the better efficacy after vaginal administration.
Chills, shivering and fever .388C were the most common side effects of misoprostol treatment and there was no difference between the groups except in the occurrence of fever: from the third dose on, significantly more women had fever in the vaginal administration group, with the rates being highest after the third dose (28.2% in the vaginal group versus 18.5% in the sublingual group). Overall, 39.7% of the women had fever at any point during the vaginal treatment period compared with 29.9% of women in the sublingual group (P ¼ 0.008). This finding is somewhat unexpected because in studies where misoprostol is administered after mifepristone pretreatment (Tang et al., 2003) or alone in repeated doses in the first trimester side effects, especially fever, chills and vomiting were more common after sublingual administration. Serum levels of misoprostol acid are higher after a single sublingual dose compared with a vaginal dose , which may explain higher side effect rates after a single sublingual dose. When the dose is repeated, however, the pharmacokinetics may be different, but no pharmacokinetic studies have as yet been published on repeat administration of misoprostol.
Women in our study received both sublingual and vaginal tablets, so that the tablets for one of the routes contained misoprostol and for the other they were placebo tablets. Thus, every woman had experience on both sublingual and vaginal administration. Both routes were acceptable to women, although in both groups a higher percentage of women preferred sublingual administration. Also in other studies comparing these two routes, most women have preferred sublingual administration of misoprostol Hamoda et al., 2005) .
We only included healthy women in this study and had therefore, rather strict exclusion criteria, all of which do not need to apply for routine practices. However, health-related reasons for exclusion were uncommon as most women who could not be enrolled had pregnancies outside the gestational age range of this study or they were not willing to return to the follow-up visit or they did not want to join the study despite being eligible.
We believe that this trial has internal validity as women were randomly assigned to the two treatment groups, random allocation was concealed and the sample size was calculated according to the prestated hypothesis. Women were enrolled for this study from several different populations, a feature which increases external validity.
Our study demonstrates that, when mifepristone is not available, repeated administration of 400 mg misoprostol either vaginally or sublingually is an effective and acceptable option. However, vaginal administration appears to produce better results among nulliparous women.
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